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Achillea species are native to Europe and western Asia 
but are also found in Australia, New Zeland and North 
America (Re49chinger, 1963; Sezik et al., 2001; 
Gudaityte, & Venskutonis, 2007). In these countries, 
these species are widely used in folk medicine for the 
preparation of herbal teas with antiphlogostic and 
spasmolytic activity, remedy gastrointestinal disorders, 
hepatobiliary and also they have been used as anti-
inflammatory agents for the treatment of rheumatic 
pains (Wichtl,2004). Many studies have shown that 
synthetic products could cause some diseases as cancer 
and cardiovascular diseases. Therefore recently, plants 
and their extracts have been used for the treatment of 
skin and soft tissue infections, visceral pain, 
gastrointestinal disorders and inflamamations in 
alternative medicine and society to treat various 
diseases (Howes, Perry, & Houghton, 2003; Benedek, 
& Koop, 2007; Saeidnia et al., 2011). 
There have been many studies on the chemical 
composition and pharmacological properties of the 
metabolites of Achillea species (Toncer et al.,2010; 
Khazneh et al.,2012; Omidpanah, Hadjiakhondi, & 
Manayi, 2016; Çakır et al.,2016; Rezaei et al.,2017; 
Gülmira et al., 2018). But there is little information 
and no available data on the fatty acid compositions 
(Palic et al.,2000; Goli, Rahimmalek, & Tabatabaei, 
2008; Ertaş et al., 2014; Zonuz et al., 2017; 
2018).Whereas, ɷ-6 and ɷ-3 polyunsaturated fatty 
acids (PUFAs), essential fatty acids that must be 
derived from the diet, cannot be made by humans, and 
other mammals because of the lack of endogenous 
enzymes for ɷ-3 desaturation(Simopoulos,2011). This 
outlines the importance of the proportions of ɷ-3/ɷ-6 
or ɷ-6/ɷ-3 fatty acids in a diet (Doug&Bill,2015; 
Akpınaret al., 2015). Essential fatty acids are naturally 
found in the roots, stems, bark, seeds, flowers, and 
other parts of plants (Young & Schrender, 2015). 
Some medical research suggests that excessive levels 
of ɷ-6 fatty acids from seed oils relative to certain ɷ-3 
fatty acids may increase the probability of a number of 
diseases (Okuyama et al.,2006). ɷ-6 and ɷ-3 fatty 
acids elicit divergent effects on body fat gain through 
mechanisms of adipogenesis, browning of adipose 
tissue, lipid homeostasis, brain-gut-adipose tissue axis, 
and most importantly systemic inflammation. A high 
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intake of ɷ-6 fatty acid and ɷ-6/ɷ-3 ratio are 
associated with weight gain, leads to hyperactivity of 
endocannabinoid system, increase leptin and insulin 
resistance in animal and human studies. Whereas a 
high intake of ɷ-3 fatty acid decreases the risk for 
weight gain, hyperactivity and leads to homeostasis 
and weight loss (Simopoulos, 2016).  
It is also beneficial to know the biochemical features 
of plant to be used as a source of nutrition and to be 
cultivated for present and future food production. 
Thus, this study aimed to establish thetotal lipid 
contents, fatty acid compositions and ɷ-6/ɷ-3 ratios of 
the seed oils of Achillea cappadocicaHausskn. et 
Bornm.,Achilleasivasica Çelik & Akpulat andAchillea 
sintenisii Hub-Mor.as endemic speciesin the Turkish 
flora. 
2. Materials and methods 
2.1. Plant material 
Achillea cappadocica Hausskn. et Bornm.  (endemic to 
Turkish flora) used in this study was collected from B5 
Yozgat region (Turkey) (Bozhüyük entry, road sises) 
in June 2013 (temperature 18-20ºC, altitude about 
1550-1650 m).Achillea sivasica Çelik &Akpulat 
(endemic to Turkish flora) was collected from B6 
Sivas region (Turkey) (Ulaş, Ziyaretepe) in June 2012 
(temperature 19-22ºC, altitude 1350-1400 m) and 
Achillea sintenisii Hub-Mor. was collected from B6 
Sivas region (Turkey) (Karaçayır, scout camp located 
roadside) in June 2012 (temperature 19-22ºC, altitude 
1300-1400 m). The identification of plant materials 
was made by Dr. Erol Dönmez (according to Davis, 
1975). These species are stored at the Herbarium of 
Biology Department of Cumhuriyet University (Sivas-
Turkey) which at room temperature throughout the 
year. 
2.2. Extraction and esterification of fatty acids from 
seeds 
Achillea seeds were selected and dried for six days at 
room temperature.  The dried seed material was 
ground. From each of the milled samples, 3 g was 
taken and stored for two days in chloroform-methanol 
(2/1, v/v) for 48 h at 4ºC. Thereafter, samples were 
extracted in chloroform-methanol (2/1, v/v) using an 
Ultra_Turrax T25 homogenizer in an ice bath 
(autooxidation of PUFAs was minimised by adding 50 
μl of butylated hydroxytoluene (2%, w/v in 
chloroform) to the extraction mixture), and the 
isolation of the total lipid from seeds was carried out 
(Folch, Lees, &Stanley,1957). The total lipids obtained 
were saponified by refluxing with methanol (50%) 
containing 6% potassium hydroxide for 1 h at 80ºC. 
The saponifiable lipids were converted to fatty acid 
methyl esters (FAMEs) for 10 min at 85ºC using the 
standard Boron Triflouride-Methanol (BF3) method 
(Moss, Lambert, & Mervin,1974). 
2.3.  Gas chromatography (GC) analyses 
The resultant mixture of FAMEs in hexane:chloroform 
(4/1, v/v) was injected into HP  (Hewlett Packard) 
Agilent 6890N model GC equipped with a flame 
ionization detector (FID),and fitted with an HP-88 
capillary column (100 m x 0.20mm i.d., 0.25 µm film). 
The carrier gas was helium (1 mL min-1) and injector 
port and detector temperatures were 240 and 250ºC, 
respectively. A small quantity of FAMEs solution (1 
μl) was introduced onto the column. The column 
temperature program was 160ºCfor the beginning and 
then the temperature was increased at 4ºC/min up to 
185ºC and lastly at 1ºC/min up to 200ºC. Identification 
of normal fatty acids was carried out by comparing the 
peak relative retention times of the sample FAMEs 
with those obtained for Alltech standards (Lexington, 
USA). 
2.4. Statistical analyses  
All analytical determinations and GC analyses were 
performed in triplicate and the mean values were 
reported. The statistical analyses of total lipid contents 
and percentages of fatty acid were tested by analysis of 
variance (ANOVA) and comparisons between means 
were performed with Tukey’s test. Differences 
between the means scores were evaluated as 
significant if P≤0.05. 
3. Results and discussion 
The percentages of total lipids and total fatty acids in 
A. cappadocica, A.sivasicaand A. sintenisii seeds are 
presented in Table 1. There were no differences 
between percentages total lipid of these species 
(3.13%, 3.80% and 3.85%). However, the percentage 
of total lipid of A. sintenisii is higher than A. 
cappadocica and A. sivasica. But, the percentage total 
fatty acid in A. sivasica is lower than in A. 
cappadocica and A.  sintenisii seeds (1.95%, 2.98% 
and 2.00%, respectively). 
 
Table 1. Percentages of total lipid and total fatty acid 
of the seeds of Achillea species 
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(Mean ± S.E)*  (Mean ± S.E)* 
A. cappadocica 3.13±0.09 aA 2.98±0.08 a 
A. sivasica 3.80±0.04 a 1.95±0.06 b 
A. sintenisii 3.85±0.07 a 2.00±0.03 b 
*: Each data is the average of the three again. A:  (a, b) 
Values for each sample with different superscript letters in 
the same column are significantly different at P ≤ 0.05. 
 
Percentages of fatty acid composition and fatty acid 
fractions of seeds of three endemic species are 
presented in Table 2 and Table 3.  
Table 2. Percentages of the fatty acids in seed oils of 
endemic Achillea species   
Fatty acids A. cappadocica 
(Mean±S.E)* 
A. sivasica 
 (Mean±S.E)*                      
A. sintenisii 
(Mean±S.E)* 
C10:0                                            0.70±0.02 aA 2.07±0.06 b 2.16±0.01 b 
C12:0 1.62±0.05 a 1.32±0.01 a 0.64±0.03 b 
C14:0 6.10±0.08 a 6.08±0.00 a 2.16±0.06 b 
C15:0 4.97±0.06 a 0.38±0.00 b 3.18±0.01 c 
C16:0 27.21±0.36 c 29.67±0.06 b 32.83±0.20 a 
C17:0 6.75±0.17 a 2.15±0.08 b 3.42±0.05 c 
C18:0 6.50±0.01 a 8.86±0.01 b 6.45±0.07 a 
C20:0 1.74±0.05 a 3.02±0.01 b 5.48±0.10 c 
C21:0 0.24±0.02 a 0.19±0.03 a 0.22±0.01 a 
C22:0 1.29±0.09 a 3.10±0.20 b 4.48±0.04 c 
C14:1 0.20±0.00 a 0.22±0.00 a 0.24±0.01 a         
C15:1 0.19±0.00 b 0.28±0.01 b 0.63±0.01 a 
C16:1 0.65±0.01 c 0.97±0.03 b 0.23±0.01 a 
C17:1 0.07±0.01 a 0.11±0.01 a 0.42±0.02 b 
C18:1 ɷ-9c 9.56±0.01 b 6.68±0.02 a 6.03±0.02 a 
C18:1 ɷ-7 0.70±0.04 a 0.46±0.02 b 0.70±0.01 a 
C20:1 ɷ-9 0.29±0.01 a 0.56±0.05 b 0.24±0.01 a 
C18:2 ɷ-6 21.66±0.05 b 23.76±0.07 a 23.58±0.01 a 
C18:3 ɷ-6 0.11±0.01 a 0.07±0.01 a 0.15±0.01 a 
C20:2 ɷ-6 0.05±0.00 a 0.07±0.01 a 0.01±0.00 b 
C18:3 ɷ-3 9.48±0.03 a 9.90±0.04 a 6.75±0.12 b 
*: Each data is the average of the three again. A : (a, b, c) 
Means with the same  letter  in each row do not significantly 
differ at P ≤ 0.05. 
Twenty-one fatty acids were identified from seed oils 
of the investigated species (Table 2). The fatty acid 
profiles of these Achillea species were found to be 
quite similar. Another important finding in our present 
study was not presence of erucic acid(C22:1) in the 
seed oils of these Achillea species because it is known 
to have a toxic effect of erucic acid. Researchers 
indicated that lignoceric acid (C24:0) changing 
between (0.64-5.07%) and docosadienoic acid (C22:2) 
(1.68%) were identified from some species of Achillea 
(Keser et al.,2015; Ayaz et al.,2016). Ertaşet al., 
(2014) reported that seventeen fatty acid types were 
identified in A. cappadocica. However, in our result, 
C24:0 and C22:2 were not detected in the seed oils of 
A. cappadocica andA.sivasica and A.  sintenisii.  
 
Table 3. Percentages of total fatty acid fractions in 







(Mean±S.E)*                     
A. sintenisii 
(Mean±S.E)* 
∑ SFA 57.11±0.09 
aB 
56.84±0.04 a               61.01±0.0 b 
∑ MUFA 11.66±0.01 a 9.30±0.02 b 8.48±0.01 c 
∑ ɷ-6 PUFA 21.83±0.02 b 23.90±0.03 a 23.73±0.04 a 
∑ ɷ-3 PUFA 9.48±0.03 a 9.90±0.04 a 6.75±0.12 b 
∑ PUFA 31.31±0.01 a 33.80±0.03 b 30.48±0.08 a 
ɷ-6/ɷ-3 2.30±0.01 a 2.40±0.01 a 3.52±0.01 b 
*: Each data is the average of the three again. A: ∑SFA: 
Total Saturated Fatty Acid; ∑ MUFA: Total 
Monounsaturated Fatty Acid; ∑ PUFA ɷ-6, ∑ PUFA ɷ-3; 
Total ɷ-6 and Total ɷ-3 Polyunsaturated Fatty Acid. B: (a, b, 
c) Means with the same letter in each row do not 
significantly differ at P ≤ 0.05. 
There were variations in the levels of fatty acids 
between seed oils of these species Achillea. Saturated 
fatty acid (SFA) components of seed oils revealed that 
low molecular weight acids (capric, lauric, myristic, 
pentadecanoic acids) were commonly found in the 
investigated species.The principal fatty acid in the A. 
cappadocica,A. sivasica and A. sintenisiiinvestigated 
was palmitic acid (C16:0) in the saturated form of 
SFAs. The second major fatty acids inthe SFA fraction 
were heptadecanoic acid (C17:0), stearic acid (C18:0), 
myristic acid (C14:0) in A. cappadocica, C18:0, C14:0 
in A. sivasica and C18:0, arachidic acid (C20:0) in A. 
sintenisii. But, the percentages of C17:0 and 
pentadecanoic acid (C15:0) were lower in A. sivasica. 
Arachidic acid (C20:0) and behenic acid (C22:0) 
contents in A. sivasicaand A. sintenisii were higher 
than in A. cappadocica. No differences were 
foundbetween A. cappadocica and A. sivasicain the 
amounts of ∑SFA (57.11% and 56.84%). ∑ SFA 
content (61.01%) in A. sintenisii wasthehighest (Table 
3). The results of the present study, with respect to 
SFAs of different Achillea species,confirm the earlier 
reports of Ayazetal.(2016)and Ertaşetal. (2014).  
It has been reported thatoleic acid (C18:1), linoleic 
acid (C18:2) and palmitic acid (C16:0) were found in 
the greatest proportions (34.7%, 20.6% and 23.1% 
respectively) in A. cappadocica petroleum ether 
extract (Ertaş et al.,2014). Ozeketal. (2015) indicated 
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C18:1 (9.9%) and C16:0 (3.6%) in A. sivasica extract. 
Also, Keseret al. (2015) reported that the main fatty 
acid components in A. millefolium were C18:2 
(60.85%), C18:1 (18.33%), C16:0 (11.26%) and ∑ 
unsaturated fatty acids (84.34%). In our study, C18:1 
ɷ-9c (9.56%) was identified as the major 
monounsaturated fatty acid (MUFA) in seeds of A. 
cappadocica and higher than in A. sivasica(6.68%) and 
A. sintenisii (6.03%).Other fatty acids of MUFA 
fraction were found at very low percentage (at range 
0.07-0.97%) (Table 2). The percentage of ∑ MUFA in 
A. cappadocica (11.66%) was higher than in A. 
sivasica (9.30%) and A. sintenisii (8.48% (Table 3). 
Adequate comparison cannot be made since there are 
no available data on seed fatty acids of these 
investigated Achillea species. 
Linoleic acid (C18:2 ɷ-6) in the PUFA ɷ-6 fraction 
was the major ɷ-6 acid with levels of 21.66%, 23.76% 
and 23.58% in seed oils of A. cappadocica, A. 
sivasicaand A. sintenisii. Linolenic acid (C18:3 ɷ-6) 
and eicosadienoic acid (C20:2 ɷ-6) contents were very 
low levels in these species seed oils (between 0.01-
0.15 %).Amount of linolenic acid (C18:3 ɷ-3) in A. 
sintenisii was lower than in A. cappadocica and A. 
sivasica (6.75%, 9.48% and 9.90%, respectively) 
(Table 2).The percentages of ∑ ɷ-6 PUFA were higher 
than ∑ ɷ-3 PUFA. Our study showed that the ɷ-6/ɷ-3 
fatty acid ratios were 2.30 in seed oil of A. 
cappadocica and 2.40 in A. sivasica and 3.52 in A. 
sintenisii (Table 3). In general, lipids in plant contain 
excess amounts of ɷ-6 PUFA rather than ɷ-3 PUFA. 
Modern agriculture, by changing animal feeds as a 
result of its emphasis on production, has decreased the 
ɷ-3 series fatty acid content in many foods (for 
example, animal meats, eggs and even fish). Therefore, 
ɷ-6/ɷ-3 fatty acids complete for their biosynthetic and 
because they have distinct physiological and metabolic 
properties, their balanced ɷ-6/ɷ-3 ratio is a critical 
factor for health throughout the life cycle (Raper, 
Cronin, & Exler, 1992; Akpınar et al., 2015; 
Simopoulos,2016). Foods from edible wild plants 
contain a good balance of ɷ-6 and ɷ-3 fatty acids 
(Simopoulos, Norman, & Gillapsy,1995). 
A balanced ɷ-6/ɷ-3 ratio 1-2/1 is one of the most 
important dietary factors in the human health 
(Simopoulos,2016). Therefore, it could be said that A. 
cappadocica and A. sivasicawere wild plant species 
having a high nutritional value (in terms of seed fatty 
acids) for human consumption due to its appropriate 
health ɷ-6/ɷ-3 ratios (2.30% and 2.40%, respectively). 
Novelty of this study is based on presenting new 
information to the related literature about fatty acid 
compositions from seed oils of A. cappadocica, A. 
sivasica and A. sintenisii.  
4. Conclusions 
There have been many studies on the chemical 
composition and pharmacological properties of 
Achillea species. But there is no information on the 
fatty acid composition or ɷ-6 and ɷ-3 series PUFAs of 
A. cappodocica, A. sivasica and A. sintenisii. 
Therefore this study focused on the fatty acid profiles 
and ɷ-6/ɷ-3 ratios of seed oils of these endemic 
species in the Turkish flora. C16:0, C18:0, C17:0 and 
C14:0 were predominant fatty acids within SFAs. 
C18:1 ɷ-9c, C18:2 ɷ-6 and C18:3 ɷ-3 were identified 
as major UFAs. The percentages of ∑ ɷ-6 PUFA were 
higher than ∑ ɷ-3 PUFA.  ɷ-6/ɷ-3 ratios were 2.30 in 
seed oil of A. cappodocica, 2.40 in seed oil A. sivasica 
and 3.52 A. sintenisii. Novelty of this study is related 
to the presentation of the new information about fatty 
acid compositions from seed oils of A. cappodocica, A. 
sivasica and A. sintenisii. 
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